Tristramite, a new mineral of the rhabdophane group, has the composition (Cao.s,Og.~gFeao.~ 7)zl.oo [(PO,)0.79(SO,)o.12(CO3)o.ov]z0.98"l.77H20. It occurs as a late-stage replacement or matrix to brecciated uraninite (var. pitchblende) associated with sulphides in hydrothermal veins related to Hercynian granites in south-west England. It is hexagonal, space group P6222 , with a 6.913 + 0.003 A and c 6.422 + 0.006 A. The strongest lines of the indexed powder pattern are 2.
Occurrence. Tristramite is found in uraninite (var.
pitchblende)-bearing quartz veins in which commonly associated sulphides include chalcopyrite, pyrite, sphalerite, galena, and marcasite. At most of the localities studied, tristramite occurs as finegrained aggregates of acicular to fibrous crystals with an overall greenish body colour due to the intimate association with pitchblende. Direct replacement of vein pitchblende is sometimes found, as at Trequeen, but most commonly tristramite forms a matrix to brecciated pitchblende, often in close association with marcasite and chalcopyrite or digenite ( fig. 1A and B ). Secondary uranium minerals are also frequently present. The dumps from which the type material for tristramite was obtained are sited on the coast of Cornwall at Trewavas Head (NGR SW597 267), the southernmost exposed area of the small Tregonning-Godolphin granite intrusion. Wheal Trewavas was active as a small copper producer about the middle of the last century (Dines, 1956) but pitchblende-bearing ore containing tristramite can still be collected from the old dumps. The locality is unique among those examined in that the common fine-grained matrix or replacive tristramite grades into coarser material in patches. More importantly, well-crystallized material occurs as an inftlling to fine fractures or in cavities lined with chalcopyrite and marcasite ( fig. 1C and D). The following description of the properties of tristramite has been made from this vein-type material, with the exception of density measurements, which were made on bulked samples of the replacement/matrix type.
Physical and optical properties. Tristramite has an acicular to fibrous habit. In the fine fractures and cavities crystals range in length from 5 to 80 pm and have an estimated width in the range 2 to 5 /~m. The width of the tristramite veinlets is generally less than 200 pm and the crystals occur either in the form of a cross-fibre infiU or as radial aggregates--a habit typical of rhabdophane. The colour is lustrous yellow to greenish yellow but colour banding is frequently shown due to variations in the content of ubiquitous minute blebs or plates of goethite, approximately 2 #m across. The fine grain size of tristramite and the presence of intergrown goethite preclude any accurate density determinations although repeated separations were made by centrifuging in Clerici's solution in an attempt to remove impurities. On the basis of these experiments, the density was found to lie in the range 3.8-4.2 g/cm 3. The fibrous nature of the mineral did not permit any reliable hardness determinations and no cleavage could be confirmed.
In transmitted light the colour is very pale yellow to greenish yellow although the colour appears stronger when a polished block is observed under incident light. There is no fluorescence under either long or short-wave ultraviolet light. Tristramite is uniaxial positive with extinction parallel to the positive elongation or fibre-length. Refractive indices were determined as co 1.6444-0.002 and 1.664 4-0.002. Pleochroism has not been observed but under crossed polars there is a tendency to show an anomalous blue birefringence colour.
Chemical composition. Electron microprobe analyses of the tristramite are given in Table I . The methods and the apatite and pyrite standards described by Bowles (1975) were used in conjunction with an artificially produced uranium-bearing glass (Smellie et al., 1978) and the quantitative correction programme of Mason et al. (1969) . Qualitative analysis using an energy-dispersive system showed that only Ca, Fe, U, P, and S are present in concentrations over 0.1 70 within the range of elements from Na to U, and no further elements were detected by optical spectroscopy.
Because of the fine grain size and textural relationships of the tristramite it was not possible to obtain pure material for separate determination of H20 content. However, partial wet chemical The amount of H20 added is greater than found in 2025 1.180 X-ray data. X-ray diffraction data for tristramite were derived from 114.6 mm diameter Debye-Scherrer powder cameras using Cu-K~t radiation and silicon as an internal standard. Intensities were visually estimated in conjunction with a calibrated intensity scale, the diffraction mount being prepared in the form of a sphere to avoid preferred orientation effects. Very minor amounts of goethite were associated with the tristramite, and reflections from this phase have been subtracted in the presentation of the tristramite data (Table II) . The diffraction pattern of tristramite is analogous with that of rhabdophane and also brockite. For comparison, new powder data, derived under similar experimental procedures, for rhabdophane from the mine dumps of Fowey Consols, Cornwall (a 6.960_ 0.003 A, c 6.372 + 0.006/~) are also listed in Table II . Systematic absences in the tristramite diffraction data are consistent with those of the space group P6222 determined for the hexagonal rare-earth phosphates (Mooney, 1950) . Utilizing the method of least squares the cell dimensions of tristramite were determined as a 6.913 +0.003 A, c 6.422_ 0.006/~, a : c = 1 : 0.929 and V 265.8 + 0.5 A 3. On the basis of three formula units in the unit cell and the atomic ratios derived in Table I the calculated density is 4.18 g/cm 3. It is to be noted that samples of tristramite isolated from the replacement or matrix-type occurrences characteristically give multiphase X-ray powder patterns and so are unsuitable for the derivation of satisfactory diffraction data.
Discussion. Several calcium uranium phosphate minerals have been described in addition to tristramite, including autunite, meta-autunite, phosphuranylite, phurcalite, ningyoite, and lermontovite. The status of lermontovite (Soboleva and Pudovkina, 1957) is uncertain, the mineral being inadequately described and lacking X-ray diffraction data, but an incomplete chemical analysis showed a U:Ca ratio of 10:1 (cfi tristramite U:Ca-I:2). Ningyoite is chemically similar to tristramite, with a powder diffraction pattern resembling that of rhabdophane, but it is pseudohexagonal and has been indexed on a primitive orthorhombic lattice (Muto et al., 1959) . More recently, ningyoites have been described from the USSR (Belova et al., 1978) and Canada (Boyle et al., 1981) . Both sets of authors derive cell parameters closely similar to those of the type material from the Ningyo-toge mine, Japan, but the diffraction data in both cases have been referred to a C-faced orthorhombic cell. The axial ratios b: a from these three described ningyoites are 1.78 to 1.79 which contrast with the ratio 1.73 for the transformation to orthorhombic axes of a true hexagonal cell. Kucha (1979) has described unnamed monoclinic, hexagonal, and orthorhombic iron-thorium phosphates from Poland which are referred to the monazite, rhabdophane, and ningyoite groups of minerals respectively. Kucha notes a progressive increase in the water content from the monoclinic to the orthorhombic form.
The widespread occurrence of tristramite in south-west England indicates that late-stage phosphatization is an important part of the genetic sequence in the uranium-bearing hydrothermal vein mineralization. The process does not always result in the formation of tristramite, however, as some pitchblende is replaced by a phosphatebearing mineral with the cottinite structure. Preliminary chemical data on this mineral indicate that arsenic and possibly other cations can substitute for phosphorus and that the phosphatization process may be complex. A consideration of its paragenesis and that of tristramite in relation to late-stage phosphatization will be published at a later date.
